The goal of the two-dimensional (2D) electrophoresis protocol described here is to show how to analyse the phenotype of human cultured macrophages. The key role of macrophages has been shown in various pathological disorders such as inflammatory, immunological, and infectious diseases. In this protocol, we use primary cultures of human monocyte-derived macrophages that can be differentiated into the M1 (pro-inflammatory) or the M2 (anti-inflammatory) phenotype. This in vitro model is reliable for studying the biological activities of M1 and M2 macrophages and also for a proteomic approach. Proteomic techniques are useful for comparing the phenotype and behaviour of M1 and M2 macrophages during host pathogenicity. 2D gel electrophoresis is a powerful proteomic technique for mapping large numbers of proteins or polypeptides simultaneously. We describe the protocol of 2D electrophoresis using fluorescent dyes, named 2D Differential Gel Electrophoresis (DIGE). The M1 and M2 macrophages proteins are labelled with cyanine dyes before separation by isoelectric focusing, according to their isoelectric point in the first dimension, and their molecular mass, in the second dimension. Separated protein or polypeptidic spots are then used to detect differences in protein or polypeptide expression levels. The proteomic approaches described here allows the investigation of the macrophage protein changes associated with various disorders like host pathogenicity or microbial toxins.
Introduction
Macrophages are heterogeneous and plastic cells that are able to acquire distinct functional phenotypes. In vivo, these cells respond to a large variety of micro environmental signalssuch as microbial products, cytokines, etc. 1 . In vitro, the pro-inflammatory phenotype (M1) of macrophage can be induced by lipopolysaccharide (LPS) and the anti-inflammatory phenotype (M2) by some cytokines such as interleukin-4 (IL-4). Moreover, macrophages can switch from an activated M1 to M2 phenotype, and conversely, upon specific signals 2 .
Depending on the phenotype, macrophages will have different functions. M1 macrophages are cells that produce pro-inflammatory cytokines, such as tumor necrosis factor α (TNF-α), to kill microorganisms or tumor cells 3 . In contrast, M2 macrophages prevent these inflammatory response like in wound healing and fibrosis by producing anti-inflammatory factors such as TGF-β 3, 4 .
Human peripheral blood mononuclear cells from healthy donors were isolated by Ficoll density gradient centrifugation as previously described 5 using a technique adapted from Boyum 6 . Macrophages in culture can be differentiated into M1 or M2 phenotype after 6 days of primary culture 7 . Analysis of protein expression or protein changes between the two subtypes of macrophages under various controlled stimuli, such as host pathogenicity or microbial toxins, will be helpful to decipher the functionality of the pro-and anti-inflammatory macrophages.
Proteomics are unique tools for direct monitoring of proteins that are specifically up-or down-regulated in human cultured macrophages under various stimuli. Fluorescent dyes have resolved some of the limitations of 2D gel electrophoresis, such as low sensitivity and image analysis 8 .
The dyes reacting with cysteine residues have increased the detection sensitivity compared to those reacting with lysine residues 9 . In a previous study, we demonstrated the usefulness of DIGE saturation labelling for the analysis of scarce samples 10 compared to the classical silver-stained 2D electrophoresis 11 . This technology is helpful in rapidly analysing protein modifications between the two subtypes of macrophages or between untreated and treated macrophages from the same subtype.
The advantages of this proteomic technique are having access to the information of protein size and post-translational modifications by analysing the 2D gel 12 . It should be taken into account that this is not a high throughput technique, limiting the number of samples that can be analysed. The development of high throughput assays based on mass spectrometry as reviewed recently 13 can improve this.
Representative Results
To perform appropriate differential proteomic analysis, the processing of samples to be analysed should be verified.
In the example presented, the cell culture quality of macrophages is required for morphological and molecular aspects as previously published 5 . The differentiation of monocytes into macrophages and the homogeneity of the culture was followed by phase-microscopy. Figure 1 showed an example of primary cultures of M1 and M2 macrophages. As shown, we verified the homogeneity of M1 (Figure 1A, B ) and M2 (Figure 1C, D) subtypes of macrophages at day 12 of culture by phase-microscopy at low (Figure 1A , C) and high (Figure 1B, D) magnification. Clearly, we observed a distinct morphology of macrophages M1 and M2 after 12 days of primary culture. As previously published, we verified by RT-PCR the presence of mRNA coding for TNF and IL1B in M1 macrophages and for MRC1 and CCL18 in M2 macrophages 14 (not shown).
Only cultures combining those criteria were used for proteomic analysis.
We determined the 2D protein patterns of the two subtypes of macrophages, M1 (pro-inflammatory) and M2 (anti-inflammatory). For that purpose, we extracted proteins from M1 and M2 cultured macrophages as detailed in the protocol and M1 and M2 macrophages were either labelled with Cy3 or Cy5 saturation dyes to analyse the proteins by 2D DIGE electrophoresis. Figure 2 presents representative 2D gels of M1 (Figure 2A, B ) and M2 (Figure 2C, D) macrophages of sufficient quality for bioinformatic analysis. The same pattern of proteins was observed for either M1 or M2 independently of the cyanine dyes used Cy3 (Figure 2A, C) or Cy5 (Figure 2B, D) . In this example, a large linear pH gradient was used (3-10) and for detailing proteins with an acidic or basic pl, narrow pH gradient can be used.
Interestingly, the bioinformatic analysis of the 2D gel revealed 20 areas containing spots that can be analysed and compared using the 2D software. Figure 3 is an example of numerised 2D gel in which the 20 areas of spots are located. The 2D software is able to quantify and compare the volume of each spot between several 2D gels from different samples. The software can quantify the increase or decrease of spot volume and this can be visualized by colour as indicated in Figure 3 . Spots are considered to have significant differential expression if the foldchange of normalized spot volumes as indicated in paragraph 6 of protocol section was greater than 1.5 with a p-value <0.05. The presence or absence of a protein or polypeptide spot between the two groups of macrophages can be detected by the software. 
Discussion
The protocol described herein details a method to analyse the impact of various stimuli of the two subtypes of macrophages, M1 (proinflammatory) and M2 (anti-inflammatory). Primary cultures of M1 and M2 macrophages were obtained from the differentiation of monocytes as previously published 7 .
The procedure of 2D DIGE gel electrophoresis requires specialized materials and equipment, such as IEF cell for isoelectrofocusing, lowfluorescence plates for the SDS-PAGE in order to scan twice the gel at excitation/emission wavelength for Cy3 and Cy5, a scanner for fluorescence and 2D software. This method requires some practice and manual dexterity.
There are several critical steps for successful 2D gel electrophoresis: 1) the extraction of proteins is critical in an environment without any contaminants such as albumin or keratin, and 2) performing the labelling and electrophoresis in the dark. Avoid the use of DTT for protein reduction in the lysis buffer as the technique requires the use of TCEP for reducing peptide sulfide bonds in proteins before labelling with cyanine reactive dyes.
This sensitive 2D DIGE technique allows the assessment of the differential expression of protein spots by macrophages under various environmental conditions, in the presence or absence of proteins depending on the subtype.
One of the limitations of this 2D DIGE technique is the need to label the proteins on the cysteine residue, which is absent in 14% of the protein.
The other limitation is the relatively small number of samples that can be analysed at the same type in comparison to high throughput technology like quantitative mass spectrometry, though 2D DIGE is less costly.
Microbial stimuli, such as LPS as well as Th1 cytokines, activate macrophages into an M1 inflammatory state, while Th2 cytokines, such as IL-4, polarize cells to an M2 phenotype with immunoregulatory, repairing, and anti-inflammatory functions 3 . Phenotyping M1 and M2 cultured macrophages with or without host pathogenicity through proteomics approaches will provide a more detailed picture of the complex functional role of individual subtypes. The 2D DIGE electrophoresis may be helpful for the identification of polypeptides/proteins or post-translational modifications of these proteins differentially modified in one subtype or between the two subtypes of macrophages under specific stimuli or environment.
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